SUMMARY -Lyme borreliosis is a vector-borne infectious disease characterized by three disease stages. In the areas endemic for borreliosis, every acute facial palsy indicates serologic testing and implies specifi c approach to the disease. Th e aim of the study was to identify and confi rm the value of acoustic refl ex and House-Brackman (HB) grading scale as prognostic indicators of facial palsy in neuroborreliosis. Th e study included 176 patients with acute facial palsy divided into three groups based on serologic testing: borreliosis, Bell's palsy, and facial palsy caused by herpes simplex virus type 1 (HSV-1). Study patients underwent baseline audiometry with tympanometry and acoustic refl ex, whereas current state of facial palsy was assessed by the HB scale. Subsequently, the same tests were obtained on three occasions, i.e. in week 3, 6 and 12 of presentation. Th e patients diagnosed with borreliosis, Bell's palsy and HSV-1 diff ered according to the time to acoustic refl ex recovery, which took longest time in patients with borreliosis. Th ese patients had the highest percentage of suprastapedial lesions at all time points and recovery was achieved later as compared with the other two diagnoses. Th e mean score on the HB scale declined with time, also at a slower rate in borreliosis patients. Th e prognosis of acoustic refl ex and facial palsy recovery according to HB scale was not associated with the length of elapsed time. Th e results obtained in the present study strongly confi rmed the role of acoustic refl ex and HB grading scale as prognostic indicators of facial palsy in neuroborreliosis.
Introduction
Facial neuroborreliosis can hardly be observed as an independent entity relative to the idiopathic facial palsy (IFP, Bell's palsy). Th us, literature reports on facial palsy, when referring to mononeuritis caused by the microorganism Borrelia burgdorferi, investigate and compare facial neuroborreliosis in relation to IFP results. It is known that the absence of associated neurologic symptoms does not rule out Lyme disease as a cause of peripheral facial palsy, as recorded in as many as 16% of cases 1 . While many authors report rare tick bites in the history of patients with Lyme disease (29%), other studies consider the history of tick bite to be crucial in distinguishing patients with neuroborreliosis and those with Bell's palsy 2, 3 . Anyhow, neuroborreliosis must be evaluated. According to Volk et al. , at least two of the following diagnostic criteria are required to confi rm borreliosis: presence of erythema migrans; Borrelia antibodies in serum or cerebrospinal fl uid (CSF); CSF pleocytosis >white blood cells (WBC)/mm 3 ; and CSF/serum index >1.5 4 . In endemic areas, borreliosis can also be confi rmed by the following:
• stage 1 (erythema chronicum migrans) manifests in only 30%-80% of cases;
• specifi c response need not develop in <25% of individuals with clinically present erythema migrans; • a history of contact with tick reported in only 25%-30% of cases 2 , and in some studies it is extremely low, i.e. 4.2%
5 ; • the enzyme-linked immunosorbent assay (ELISA) results should be interpreted in the light of epidemiological data. Since serological reactions are insensitive in the fi rst two weeks of infection, serology fi nding positive for IgM antibodies is obtained in only 50% of patients in the early stage of the disease 6 ; in addition, crossreactions may occur in WBC fi ndings of patients with herpes simplex virus type 1 (HSV-1) reactivation 7 ; and • high percentage of domestic tick infection 8 . Cochleostapedial refl ex is acoustic refl ex produced by contraction of the stapedius muscle and used in topographical diagnosis of facial nerve pathology. Refl ex arc consists of two parts, aff erent and eff erent ones. Th e refl ex itself changes elasticity of the middle ear system, which can be tested by various diagnostic methods. Th ese methods can be categorized in two groups. Some methods record changes occurring in the aff erent part of the refl ex arc, implying acoustic receptor, acoustic nerve and acoustic nuclei in the brainstem. Other methods are so designed to record changes that occur in the eff erent part of the refl ex arc, which are related to facial nerve nuclei, facial nerve trunk and stapedial nerve. Th e former group of diagnostic procedures includes all methods of hearing threshold objectivization, whereas the latter group includes highly relevant differential diagnosis procedures that reveal negative acoustic refl ex response as a substantial fi nding.
Although acoustic refl ex generally is involved in standard evaluation of every patient with facial palsy in neuroborreliosis, it has not been considered prognostically relevant so far. However, there are studies that suggest its role in predicting disease 9 . House and Brackmann have proposed facial nerve grading; after minor modifi cations, it was presented as HouseBrackmann grading system (HB grading system) in 1985 10 . Th is scale has been adjusted to facial nerve evaluation standards set by the American Academy of Otolaryngology -Head and Neck Surgery (AAO-HNS), Board on Facial Nerve Disorders. Th e system is based on six grades (I-VI) evaluating basic (motor) facial nerve functions including sequels. Th e scale describes symmetry, excitability, stiff ness and overall mobility of the face, and has been adopted as a universal measure of facial nerve disorders in the USA and Europe.
Bilateral facial palsy is as rare in neuroborreliosis as in IFP 11 . Although the cause of IFP remains unknown, i.e. not detected yet, and facial palsy in neuroborreliosis is mononeuritis as part of the underlying disease, current considerations propose therapy immediately upon palsy onset.
Patients and Methods
Th e study included patients treated at Department of ENT and Head and Neck Surgery and Department of Infecious Diseases, Dr Josip Benčević General Hospital in Slavonski Brod, Croatia. Study protocol was approved by the Hospital Ethics Committee. Patients were explained the purpose and aims of the study and signed the informed consent form after having read it thoroughly.
Patients
Th e study included facial palsy patients of both sexes and all age groups divided into three groups of patients with borreliosis, Bell's palsy and HSV-1 infection. On setting study exclusion criteria, we followed the AAO-HNS Clinical Practice Guideline: Bell's Palsy from November 2013 12 , which includes pregnancy, preeclampsia, diabetes mellitus and infl ammatory changes of upper airways. Obese patients and those with elevated arterial pressure (<160/80 mm Hg) were not excluded, whereas patients having received palliative chemotherapy and radiotherapy of any tumor type within 12 months of the last therapeutic procedure were excluded. In addition, patients with pathologic tympanometry fi ndings and those with known chronic ear and mastoid process infl ammation, hearing amplifi ed subjects and those with otosclerosis, tympanosclerosis and acute tinnitus persisting for up to three months, as well as facial nerve disorders of specifi c etiology and those associated with neurologic disorders were not considered eligible for inclusion in the study. Foresters were also excluded because they have a tenfold risk of contacting ticks and three-to fourfold risk of borreliosis as compared with the general population.
Th e patients included in the study were evaluated from June 2008 till April 2016.
Methods
According to the facial palsy protocol, tympanogram and acoustic refl ex were determined as audiologic work-up to assess the level of facial nerve lesion on at least two occasions at 3-week interval or at the most on four occasions at 12-week interval. Acoustic refl ex determination is contraindicated in the presence of tinnitus, external ear infection, recruitment, hyperacusis, and epilepsy. Th e reasons for repeat measurement include swallowing, speech, coughing and laughing during testing, test results inconsistent with liminar tonal audiometry fi ndings (in this case, both tests should be repeated), and collapsible cartilaginous portions of auditory canal, which may lead to false results, in particular when the headphone is used on the contralateral ear. Th e method is noninvasive and crucial for therapy and prognosis. Initially, audiologic work-up was performed within three days of presentation.
Changes on the HB scale were prospectively followed-up in patients with facial palsy and prognosis of the disease was determined accordingly in subdivisions. Scale scores were set on each tympanometry and acoustic refl ex determination on four visits at 3-week intervals.
At baseline, face was photographed at rest, and with forehead, eye and lip movements. After 12-week follow up, all photodocumentation was deleted or given to the patient to keep it. Patient blood (serum) samples were used to detect Borrelia (B.) burgdorferi and HSV-1 antibodies. Blood was sampled at Department of ENT and Head and Neck Surgery and Department of Infecious Diseases, Dr Josip Benčević General Hospital in Slavonski Brod and the samples were sent to Dr Fran Mihaljević University Hospital for Infectious Diseases in Zagreb for ELISA and Western blot testing.
Based on serology results, patients were divided into three groups as follows: borreliosis, positive for B. burgdorferi; HSV-1, positive for HSV-1; and Bell's palsy, negative for borreliosis and acute viral infection.
Statistics
Th e SPSS 21 and SAS JMP 11.0.0 software packages were used on statistical data processing. Th e aim of survival analysis is to determine the time needed for the patient to experience an event during the study. In the present study, this analysis included the time needed for the facial nerve suprastapedial lesion to transform to infrastapedial lesion, as assessed by the acoustic refl ex determination, and the time needed for the HB scale score to reach 1, indicating recovery in the groups of patients diagnosed with borreliosis, Bell's palsy and HSV-1 infection. Th e length of elapsed time and therapy were considered as the factors infl uencing the prognosis of recovery in all three patient groups. On statistical data processing, survival analysis, oneway and two-way analysis of variance (ANOVA), χ 2 -test, Fisher exact test, Kruskal-Wallis test, pointbiserial correlation coeffi cient, and Spearman's correlation coeffi cient were employed.
Results
In this study, acoustic refl ex and HB grading scale were estimated as predictors of facial palsy in neuroborreliosis. Out of 176 study patients, 35 patients had borreliosis, yielding the incidence of facial palsy in borreliosis of 19.88%.
Acoustic refl ex
Th e location of lesion at four points of measurement was compared according to diagnosis. Th e percentage of patients with suprastapedial lesion declined continuously with time in all three diagnostic groups. As illustrated in Figure 1 , patients diagnosed with borreliosis had a statistically signifi cantly highest percentage of suprastapedial lesions at all time points, i.e. at baseline, as high as 71.4% vs. 51.2% in Bell's palsy group and 28.6% in HSV-1 group (χ 2 =8.291; p=0.016); in week 3, 60% vs. 23.6% and 14.3% (χ 2 =19.064; p<0.001); in week 6, 47.1% vs. 4.8% and 14.3% (χ 2 =40.288; p=0.001); and in week 12, 20.6% vs. 2.4% and 7.1%, respectively (χ 2 =15.005; p=0.001). All eff ect sizes expressed as Cramer's V were medium to large (between 0.22 and 0.48), whereby the greatest diff erence among diagnoses was recorded in week 6.
A new independent variable was constructed to investigate whether patients with borreliosis, Bell's palsy and HSV-1 infection diff ered according to recovery time, as measured throughout the study period. Fisher exact test result showed the group of borreliosis patients to have longest recovery time (Fisher exact test=36.626; p<0.001). In this group of patients, approximately half of the patients (53%) achieved recovery by week 6, as compared with the majority of Bell's palsy patients (79%) having recovered by week 3 and the majority of HSV-1 patients (71%) being free from suprastapedial lesion on initial measurement ( Table 1) .
As much as 47% of borreliosis patients achieved recovery only at week 12 or failed to recover at all versus 4.8% of Bell's palsy patients and 7.1% of HSV-1 patients. Th is diff erence was considered medium to large (Cramer's V=0.37). Th e importance of time for the acoustic refl ex level was compared by using ANOVA. Prior to this analysis, distribution of the results on the variable of time elapsed from symptom onset to diagnostic work-up was assessed (Fig. 2) . Although distribution of the results was not normal, its was asymmetric in the same direction and to approximately the same grade for the diagnoses of borreliosis and Bell's palsy. Diff erent was only distribution of the time elapsed from symptom onset to diagnostic work-up in the diagnosis of HSV-1; however, ANOVA was employed since there is no alternative statistical procedure to identify interaction of two variables. Table 2 shows descriptive data on the time elapsed from facial palsy onset according to diagnosis and lesion level at baseline (week 0). Results produced by ANOVA revealed that the time elapsed from facial palsy onset did not diff er according to diagnosis (F(2/168)=0.612; p=0.544; partial η2=0.007), lesion level at initial measurement (F(1/168)=0.021; p=0.886; partial η2<0.001) or interaction of diagnosis and lesion level (F(2/168)=0.082; p=0.921; partial η2=0.001).
House-Brackmann grading scale
Comparison of results obtained on the HB scale at four points of measurement according to diagnosis is shown in Table 3 . Results on the HB scale were recorded in two categories (1 = recovery, HB score 1; and Comparable to the results of acoustic refl ex recovery, the percentage of patients with HB score >1 decreased with time. On initial measurement (week 0), all patients (100%) had a HB score >1 irrespective of diagnosis. During the study period, this percentage decreased to 40%, 30.7% and 35.7% in the groups of patients with borreliosis, Bell's palsy and HSV-1 infection, respectively. Comparison of these fi gures with those on acoustic refl ex recovery revealed that the percentage of patients considered to have reached recovery was lower on HB scale. Comparison of results recorded at particular time points according to diagnosis showed some diff erences in the rate of acoustic refl ex recovery. At baseline (week 0), all patients had HB score >1 irrespective of diagnosis; in week 3, HB score >1 was recorded in 74.3% of borreliosis patients vs. 52.8% of Bell's palsy patients and 50% of HSV-1 patients, yielding a diff erence of borderline statistical signifi cance (χ 2 =5.472; p=0.065) and small to moderate sizes (Cramer's V=0.18). In week 6, HB score >1 was recorded in 65.7% of borreliosis patients vs. 35.4% of Bell's palsy patients and 42.9% of HSV-1 patients ( Fig. 3) . At the last point of measurement in week 12, however, the between-group diff erence did not reach statistical signifi cance (χ 2 =1.125; p=0.518), unlike the previous points of measurement and acoustic refl ex results. Recovery was slower in patients diagnosed with borreliosis as compared with Bell's palsy and HSV-1 patients; more than half of borreliosis patients did not reach recovery before week 12 or failed to recover throughout the study, as compared with 63.2% of Bell's palsy patients and 53.3% of HSV-1 patients having achieved recovery as early as week 3; 57.1% of borreliosis patients achieved recovery only in week 12 or not at all, as compared with 13.7% of Bell's palsy patients and 33.3% of HSV-1 patients with the same outcome. Th is diff erence was of moderate size (Cramer's V= 0.29).
Fig. 4. Distribution of time elapsed according to diagnosis and House-Brackmann scale on second measurement (week 3).
Th e mean time elapsed from facial palsy onset was compared according to diagnosis and time to recovery using ANOVA. Distributions of the time elapsed from facial palsy onset were compared according to groups (Fig. 4) , which justifi ed analysis since these distributions were asymmetric in the same direction and to approximately the same extent. Table 4 shows descriptive data on the time elapsed from facial palsy onset according to diagnosis (results on patients diagnosed with HSV-1 infection were not included in the analysis because of the small number of patients according to categories) and time to recovery on the HB grading system. ANOVA results indicated that the mean time elapsed from facial palsy onset did not diff er according to recovery time (F(2/116)=0.077; p=0.511; partial η2=0.01) or interaction of diagnosis and recovery time (F(2/116)=0.330; p=0.720; partial η2=0.01). Th e two measures were also compared according to recovery time determination. Spearman's correlation coeffi cient yielded signifi cant and moderately high correlation of the time to recovery as defi ned by acoustic refl ex and HB grading system (Rho=0.61; p<0.001).
Comparison of acoustic refl ex and House-Brackmann grading system
On comparison analysis, fi nding all patients (100%) in corresponding boxes (week 3 for HB scale and week 3 for cochleostapedial lesion) would indicate perfect correlation. Th e greater the decrease in the number (and percentage) of patients, the lower is the degree of correlation. In week 3, week 6 and week 12, 36%, 53.8% and even 63.6% of the patients having achieved recovery according to HB scale score also showed recovery according to the acoustic refl ex level, respectively. Again, greatest diff erences in patient classifi cation referred to the fact that the HB grading system showed more gradual and later recovery than acoustic refl ex. Kruskal-Wallis test = diff erence in recovery time according to therapy (no diff erence among three therapy categories) Table 5 shows descriptive data (arithmetic mean ± standard deviation and median) on time to acoustic refl ex recovery and results recorded on the HB scale according to therapy. For comparison of time to recovery according to therapy, the following new variables were formed: acyclovir monotherapy (patients prescribed acyclovir alone); prednisolone monotherapy (patients prescribed prednisolone alone); and acyclovir + prednisolone combined therapy (patients prescribed both acyclovir and prednisolone). Time to acoustic refl ex recovery and time to recovery according to the HB scale was analyzed in separate for the above therapeutic options, yielding no statistically signifi cant diff erences in the time to recovery according to therapy (time to acoustic refl ex recovery: Kruskal-Wallis test=0.313; p=0.855; Cramer's V=0.14; and time to recovery on HB scale: Kruskal-Wallis test=1.170; p=0.557; Cramer's V=0.08).
Comparison of time to recovery according to therapy

Discussion
Facial palsy is a disorder that is nowadays stigmatized as an unacceptable sociologic, aesthetic and economic disease sequel. Opinions vary considering the level of facial palsy recovery. In the study by Ikeda et al., surgeons evaluated 20%-30% of their patients as cured, while the patients did not feel so, since they all had minimal residual facial dyskinesia 13 . Such diff erent perception of cure, also observed in other studies, has led to a conclusion that numerous sequels of the disease have been neglected by clinicians having considered them trivial.
Th e etiology of facial palsy frequently remains unknown. Th e known causes are diverse, including facial mononeuritis in neuroborreliosis as a condition prognostically more severe than IFP, primarily because it is part of the complex clinical picture of borreliosis, thus being more diffi cult to control and treat as a disease sequel, in particular if persisting in post-treatment Lyme disease syndrome.
With the aim to prevent long term sequels of facial palsy, in the present study acoustic refl ex values and HB scale score were assessed as prognostic indicators of facial palsy in neuroborreliosis. Borreliosis was present in 35 (19.88%) of 176 patients with facial palsy, which is consistent with literature data, where its incidence ranges from 7.1% to 41% 3, [14] [15] [16] . However, the body of data on its incidence is rather scarce, the more so as a higher percentage of facial palsy in borreliosis is reported in pediatric population.
According to some reports, topographical diagnosis of acoustic refl ex is performed in only 79% of patients 4 , thus the real incidence of facial palsy in neuroborreliosis patients remains questionable and fi ndings related to it should be interpreted with caution, although it appears objectively reasonable to state that in the areas endemic for borreliosis the incidence of facial palsy is about 25%.
Acoustic refl ex generally is included in standard evaluation of every patient with facial palsy in neuroborreliosis but has not been considered relevant for prognosis to date, although there are literature reports suggesting its role as a predictor of the disease 9 . Th e more so, in some recent studies, the variable of acoustic refl ex was observed together with other predictors of prognosis. Th e following variables were assessed: patient age, HB scale, electroneuronography (ENoG), nerve excitability test (NET), blink refl ex, and acoustic refl ex. Time to full recovery could have been predicted by use of the adjusted coeffi cient of 0.51 for HB scale, ENoG, acoustic refl ex and NET. Using the Nagelkerke coeffi cient of determination of 0.72, complete recovery could have been predicted by patient age, HB scale, ENoG and NET. Although statistical analyses have been proclaimed a rather imprecise method, it is concluded that maximal recovery can be assessed by use of the HB grading system, ENoG and NET as recovery predictors 17 . Among few studies having used and assessed the role of acoustic refl ex as a disease predictor, the study by Bjerkhoel et al. evaluated the incidence of B. burgdorferi caused facial palsy in south Sweden and aimed to identify tests to confi rm and rule out the diagnosis of borreliosis in patients with peripheral facial palsy. During a 6-month study period, 43 patients with peripheral facial palsy were examined. Bell's palsy was diagnosed in 31, borreliosis in six, zoster oticus in four patients, and myeloma and melanoma metastasis in one patient each. Acoustic refl ex could be induced in 15 (38.46%) of 39 patients. A higher grade of facial palsy was found in 24 patients with absent acoustic refl ex (suprastapedial nerve lesion) as compared with the group with acoustic refl ex preserved (infrastapedial nerve lesion) on both initial and last visit. However, there are no data on suprastapedial nerve lesion relative to the disease, i.e. what type of acoustic refl ex response prevailed in particular disorders 14 . Our study results confi rmed the patients diagnosed with borreliosis to have a greater number of suprastapedial lesions and their number was higher on the last, 12-month follow up. Determining the site of lesion has not yet been explicitly mentioned in the literature as predictor of facial palsy, in particular not in relation to diseases as the etiologic cause of facial palsy. At baseline, suprastapedial lesion was present in 71.4% of borreliosis patients, 51.2% of Bell's palsy patients, and 28.6% of HSV-1 patients. At 12-week follow up, the respective percentages decreased to 20.6%, 2.4% and 7.1%. Statistically most signifi cant improvement was recorded in week 3 of facial palsy onset (p<0.001).
To the best of our knowledge, there is no study report clearly distinguishing cochleostapedial lesions according to the etiology of facial palsy. Th e acoustic refl ex lesion in acute facial palsy is mostly described in general, irrespective of its etiology. According to literature data, acoustic refl ex is absent in 38%-66% of all facial palsy cases, irrespective of etiology 4, 14 . Our study confi rmed that recovery took longest in the group of patients with borreliosis, as previously suspected. Some recent studies investigated the role of the time elapsed from symptom onset on the disease prognosis. Volk et al. observed the interval from palsy onset to the initiation of treatment, i.e. <6 days vs. ≥6 days, and demonstrated the role of the time elapsed from palsy onset to diagnosis and treatment. Th e patients having presented within 5 days of facial palsy onset had a significantly shorter median recovery time than those with longer time elapsed from facial palsy onset to presenting for treatment. On the other hand, the same study indicated that etiology did not infl uence recovery time signifi cantly 4 . In our patients, the time elapsed from symptom onset to presentation had no infl uence on facial nerve recovery time in any diagnosis.
On the other hand, the above results of acoustic refl ex assessment according to diagnosis indicate that patients with borreliosis have a signifi cantly higher number of suprastapedial lesions and longer recovery time, suggesting that etiology signifi cantly infl uences facial palsy recovery. Th e present study confi rmed recent reports on the prognostic value of the acoustic refl ex. Good knowledge of the technique performance and acoustic refl ex presentation is of outmost importance for detecting complex sequels of neuroborreliosis, intra-and extra-axial lesions (infi ltration of facial nerve nuclei and fi brils by direct spirochete action or immune mediated processes), which mask the disease with other neurologic diagnoses, thus protracting time to therapy and worsening disease prognosis 18 . Th e HB scoring system has a major role in clinical routine as a method of fast assessment of the facial nerve and face condition. Th is scale is simple and effi cient in grading nerve status in the fi rst weeks of facial palsy onset. In addition, the study by Ushio et al. demonstrated HB scale to be strong predictor of the disease and cochleostapedial nerve status 17 . Many authors consider that score 3 on the HB scale is found initially in the majority of patients with acute facial palsy irrespective of diagnosis, with the exception of nerve trauma 4, 19, 20 . Comparison of our results revealed diff erences according to acoustic refl ex recovery. In week 3 and even more in week 6, a statistically signifi cant diff erence in HB score was found between borreliosis patients and the other two patient groups. In patients diagnosed with borreliosis, recovery time was longer as compared with patients with Bell's palsy and those with HSV-1 infection. Th is means that longer and slower facial nerve recovery was clearly demonstrated by use of HB scale in patients with neuroborreliosis as compared with the other two patient groups.
In the evaluation of prognostic value, acoustic refl ex and HB scale were correlated in order to confi rm their conformity. Th ese results showed the HB scale to yield a more precise prognosis than acoustic refl ex, which is quite understandable because the former has 6 and the latter only 2 points of measurement. However, when performed in combination, these two methods make the prognosis of facial palsy more reliable.
Finally, descriptive data on the acoustic refl ex recovery time and HB scale according to therapy were used to identify as many as possible prognostic factors in the management of facial palsy in neuroborreliosis. Th ese analyses were performed in separate. Th ere was no statistically signifi cant diff erence in recovery time according to therapy. Although one of the aims of the study was to demonstrate prognostic role of therapy, preliminary statistical data processing clearly showed it was a wrong presumption, i.e. therapy had no prognostic value.
In conclusion, it appears that HB scale and acoustic refl ex can serve as a predictor tandem for facial palsy in neuroborreliosis. Yet, comparison with electrophysiological results obtained by standard and other prognostic methods available, recommended in recent studies, should also be taken in consideration [21] [22] [23] .
